Background: Efavirenz and lopinavir/ritonavir are both recommended antiretroviral agents for combination first-line therapy, although information on direct comparisons between them is scarce. A retrospective longitudinal study from the VACH cohort comparing both regimens was performed.
Introduction
The primary goal of antiretroviral therapy in treatment-naive patients beginning therapy is the maintenance of an undetectable viral load using an ultrasensitive assay as long as possible, as anything less is associated with decreased durability of the regimen and the development of drug resistance. 1 Based on its demonstrated efficacy and tolerability, the preferred regimens to start therapy within antiretroviral-naive patients are those based on combinations of two nucleoside reverse transcriptase inhibitors (NRTIs) and either a boosted protease inhibitor or a nonnucleoside reverse transcriptase inhibitor (NNRTI).
2 -5 A number of antiretroviral treatment guidelines recommend lopinavir/ritonavir or efavirenz as the preferred drugs for designing a protease inhibitor-based or NNRTI-based highly active antiretroviral therapy regimen, respectively. 1, 6 Recently, the results of a randomized trial comparing the efficacy and tolerability of efavirenz and lopinavir/ritonavir in treatment-naive patients have been made available, demonstrating a superior virological efficacy for efavirenz, albeit immunological recovery was superior in the lopinavir/ritonavir-treated patients. 7 However, recent studies in 'real life' have shown controversial results; efavirenz and lopinavir/ritonavir-based first-line antiretroviral regimens performing equally with respect to virological efficacy, immunological recovery and tolerability 8, 9 or lopinavir/ritonavir-based regimens being superior to efavirenz-based ones. 10 The aim of the SUSKA study was to compare the long-term efficacy and tolerability of potent antiretroviral combinations based on two NRTIs plus either efavirenz or lopinavir/ritonavir in antiretroviral-naive HIV-1-infected subjects in a real-life setting such as that represented by patients enrolled in the Spanish VACH (VIH-Aplicación de Control Hospitalario) Cohort.
Patients and methods

The Spanish VACH Cohort
The members of the Spanish VACH Cohort are followed in 19 tertiary-level hospitals, geographically representative of the different regions of Spain. All participating institutions belong to the National Health Service, which provides medical care to all the country's population, including free antiretroviral medication when needed. The VACH Cohort now accounts for 10 776 patients who represent 14% of the Spanish HIV-1-infected population.
Data collection
In the VACH Cohort, data are prospectively collected according to standardized criteria and are electronically stored in the Aplicación de Control Hospitalario (AC&H TM ), an application specifically developed for the management of the cohort data. All study-related data and variables were collected during routine, scheduled, clinical appointments and via a review of the subjects' electronic medical records. An electronic case record form was used to collect the information, following the standard operation procedures of the VACH group. The specific data of the study were sent via e-mail to the coordinator and the data management centre and were imported into the central database.
On enrolment, standardized data collection electronic forms were completed at the sites providing information, which for this study included: gender, age at enrolment, risk factors for the transmission of HIV-1 infection Centers of Disease Control and Prevention (CDC) stage, the date of HIV-1 treatment initiation, the specific antiretroviral regimen used, the dates of changes of that regimen and the reasons for those changes, CD4þ T cell counts, plasma HIV-RNA levels, alanine aminotransferase (ALT), total and lowdensity lipoprotein (LDL) cholesterol and triglyceride levels at initiation of antiretroviral therapy and every 3 months thereafter. Further, all cumulative data characterizing the patient's underlying HIV-1 infection since inclusion in the VACH Cohort were collected, including information on demography, antiretroviral therapy, CD4 cell counts and HIV-1 viral loads. Dates of diagnosis of all AIDS-defining diseases were recorded using the 1993 clinical definition of AIDS from the CDC.
11 All collected information was transformed into a standardized format and merged into a central data set. The data passed an internal duplicate control at the central data centre that identifies patients by a unique code. Internal validation controls and quality controls of the data were used.
Study population
To be included in the SUSKA study, patients belonging to the VACH Cohort had to meet the following criteria: (i) having started a potent antiretroviral regimen based on the combination of two NRTIs and either efavirenz or lopinavir/ritonavir, without previous exposure to any treatment for HIV-1 infection; (ii) having at least one measurement of HIV-1 RNA after initiation; and (iii) having no treatment with immunomodulating agents before baseline or during the follow-up. The study was approved by all the Ethics Committees of the participating hospitals. Written informed consent was obtained from all the participants in the study.
Methods
Plasma HIV-1 RNA was measured using quantitative RT-PCR (Amplicor 1.5; Roche Molecular Systems, Branchburg, NJ, USA). The lower limit of detection of these assays is 50 copies/mL. For values below the limit of detection, a value of 49 copies/mL was imputed. Peripheral blood CD4þ T cell counts were measured using standard flow cytometry techniques at baseline and every 3 months.
Outcomes definition
Patients were compared with respect to several outcomes using 'time-to-event' type analyses, which we defined as follows: dates of the first of two consecutive viral load measurements .50 copies/mL after at least 6 months of therapy and of first CD4þ T cell count .100 cells/mm 3 above baseline count were used to define virological failure and immune reconstitution events, whereas the dates of new or recurring AIDS-defining conditions 11 or death from any cause were used to analyse clinical progression events. Toxicity events were defined as follows: discontinuation of efavirenz and lopinavir/ ritonavir because of any toxicity; reaching grade III ALT elevation (i.e. 205 IU/mL in those with baseline levels 40 IU/mL or .3.5Â baseline levels in those with pre-therapy levels .40 IU/mL; and experiencing !1 step up in the NCEP Adult Treatment Panel III category definitions for total fasting cholesterol, LDL cholesterol and triglycerides. 12 For patients who did not experience such events, follow-up was right-truncated at last visit.
Statistical analysis
The characteristics of patients who started efavirenz or lopinavir/ ritonavir were compared using the two-sample Wilcoxon rank test for continuous measurements and the x 2 test for categorical variables. ANCOVA adjusted for baseline values was used to assess changes from baseline of CD4, viral load and plasma lipids.
The Kaplan-Meier method was used to describe time-to-event variables, and comparisons between the starting efavirenz or lopinavir/ritonavir were made by means of the log-rank test in the univariable analyses; adjustment for confounders was conducted by means of the Cox proportional hazards model. We used logistic regression models with the baseline CD4 count as covariate to compare CD4 gain at 6, 12 and 18 months. The analysis was performed using SAS version 9.1.3 software (SAS Institute Inc., Cary, NC, USA) and the significance was established at the 0.05 level (two-sided).
Results
Baseline patient characteristics
The study included 1550 patients who met the eligibility criteria. The number of subjects available for the analysis and the reasons for censoring are shown in Table 1 . Baseline characteristics of the study population according to the third drug used in addition to the NRTI backbone are shown in Table 2 . Efavirenz was given to 74.8% of patients, whereas 25.2% received lopinavir/ritonavir as the third drug. Globally, the most frequently employed NRTI backbones were zidovudine/lamivudine (n ¼ 550, 35.5%), followed by didanosine/lamivudine (n ¼ 283, 18.3%), tenofovir/other nucleoside analogues (n ¼ 244, 15.7%), stavudine/lamivudine (n ¼ 215, 13.9%) and stavudine/didanosine (n ¼ 141, 9.1%). There were statistically significant differences between both lopinavir/ritonavir-and efavirenz-based regimens with respect to nucleoside analogues backbone (P , 0.0001). Patients receiving a lopinavir/ritonavir-based first-line regimen had, on average, lower baseline CD4þ T cell counts (P , 0.0001) and a higher viral load (P ¼ 0.0043) compared with those receiving efavirenz-based regimens. Also, the lopinavir/ritonavir-based regimens were initiated at later calendar years compared with the efavirenz-based regimens (P , 0.0001) ( Table 2) .
Virological failure and predictors
Over a cumulative virological follow-up of 1170 years, 658 (42.5%) patients, 489 (42.1%) in the efavirenz group and 169 (43.2%) in the lopinavir/ritonavir group, experienced a virological failure. The Kaplan -Meier estimate of the time to virological failure according to which third drug was originally started is shown in Figure 1 . The risk of virological failure in the group of patients started on a lopinavir/ritonavir-based regimen was 16% higher, although not statistically significant (log-rank, P ¼ 0.09), compared with those started on an efavirenz-based regimen. The percentages of patients with virological failure by the median (mean) follow-up of 71 (81) weeks were 43.2% in the lopinavir/ritonavir group versus 43.2% in the efavirenz group. In the multivariable analysis, the use of efavirenz or lopinavir/ritonavir as the third drug was not associated with differing risks of virological failure [hazard ratio (HR) ¼ 0.93, 95% CI: 0.77 -1.12, P ¼ 0.43] ( Table 3) . Independent predictors of virological failure were: baseline HIV-1 RNA and CD4 count, prior CDC C status, age, year of treatment onset, having acquired HIV-1 infection through intravenous drug use when compared with heterosexual contacts and initial nucleoside analogue backbone. There was evidence of the association of regimens containing stavudine/didanosine, stavudine/lamivudine and tenofovir/other nucleoside analogues with an increased risk of virological failure (Table 3) .
Clinical outcome and predictors
The Kaplan -Meier estimates of the time to clinical progression over a cumulative follow-up of 1194 years (log-rank P ¼ 0.1966), according to the initial treatment group, are shown in Figure 2 . There was not a statistically significantly higher cumulative proportion of patients with clinical progression in the group starting an efavirenz-based regimen (5.5%) by 72 weeks, compared with the group initially receiving a lopinavir/ritonavirbased regimen (3.6%). After adjusting for other baseline characteristics, the results remained unchanged (HR ¼ 0.71, 95% CI: 0.39 -1.31, P ¼ 0.2073) (Table 4 ). Finally, independent predictors of clinical progression were: baseline CD4 count, prior CDC C status, year of treatment onset and hepatitis B virus (HBV) infection at baseline.
Immunological outcome and predictors
Regarding immunological response, CD4þ T cell recovery was achieved earlier in patients in whom lopinavir/ritonavir was prescribed: the percentage of patients who gained at least 100 cells/ mm 3 in the efavirenz-and lopinavir/ritonavir-treated groups was 61.4% and 71.2% at 6 months (P ¼ 0.0053), 73.6% and 82.8% at 12 months (P ¼ 0.0128) and 81.6% and 87.0% at 18 months (P ¼ 0.1502), respectively. Although the trend was similar in the adjusted mean change analysis, no statistically significant differences were observed between both groups (Figure 3 ). CD4 gain led to the same conclusions when adjusting by baseline CD4 count using a logistic regression model (data not shown). Independent predictors of CD4þ cell recovery were: baseline HIV-1 RNA, having acquired HIV-1 infection through homosexual contact when compared with heterosexual contact, year of treatment onset and hepatitis C virus infection ( Table 5) .
Discontinuation of lopinavir/ritonavir-or efavirenz-based initial therapy due to toxicity A total of 119 patients interrupted efavirenz or lopinavir/ritonavir due to drug-related toxicity over a cumulated time period of 1202 years. The risk of treatment interruption was 98% greater in lopinavir/ritonavir-based regimens (log-rank P ¼ 0.0003, Figure 4 ). The adjusted HR (95% CI) comparing the rate of discontinuation of lopinavir/ritonavir with that of efavirenz remained increased and statistically significant 2.10 (1.40 -3.15), suggesting that a difference in the rate of discontinuation between these two drugs seems to exist. Independent predictors of treatment interruption secondary to drug-related toxicity were: baseline CD4 counts, gender and HBV infection (Table 6) .
Total fasting cholesterol, LDL cholesterol and high-density lipoprotein cholesterol increased in both efavirenz-and lopinavir/ritonavir-treated patients without statistically significant differences at any time-point ( Figure 5 ). Although triglycerides increased in both groups, the increase was more marked in lopinavir/ritonavir-treated patients reaching statistical significance at month 6. However, differences between both treatment groups vanished after month 6 ( Figure 5 ).
Discussion
Lopinavir/ritonavir-and efavirenz-based regimens are currently recommended as first choice initial antiretroviral regimens, although until recently comparative data arising from a randomized trial comparing both types of regimens was lacking. 7 Efavirenz-based regimens have usually outperformed boosted protease inhibitor regimens such as ritonavir-boosted soft-gel saquinavir in the FOCUS trial 13 and ritonavir-boosted amprenavir, 14 resulting in better virological control and less toxicity. The only protease inhibitor that has shown a comparable efficacy rate and toxicity profile at 48 weeks was non-boosted atazanavir in BMS 034 study, although the results of this study are difficult to interpret because of technical problems. 15 On the other hand, lopinavir/ritonavir has had until recently the undisputed leadership among protease inhibitors, despite that ritonavir-boosted fosamprenavir has recently showed noninferior efficacy and tolerability profiles. 16 Studies comparing efavirenz-and lopinavir/ritonavir-based regimens include four observational studies and the randomized trial ACTG 5142. 7 -10,17 The latter has shown that efavirenz-based regimens were superior to lopinavir/ritonavir-based ones in terms of virological efficacy, although the CD4þ cell increase was significantly greater in lopinavir/ritonavir-based regimens. 7 The four smaller observational studies reported so far have given conflicting results. Two of them 8, 17 showed similar virological efficacy between efavirenz-and lopinavir/ritonavir-based regimens, whereas one 9 showed better virological response with efavirenz and the other found a superior virological outcome in lopinavir/ ritonavir-treated patients. 10 All these observational studies, except two, 8, 10 found a better CD4þ T cell response with lopinavir/ritonavir. Results from our study show similar virological efficacy and long-term CD4þ T cell responses between both regimens.
Although data required to set up recommendations are derived from randomized trials, observational studies more closely reflect the effect of a specific regimen in clinical practice, given that study patients are not selected as in randomized trials and treatment is prescribed with a specific clinical indication. However, this is at the same time their major limitation together with the existence of a confounding-by-indication bias. Therefore, the fact that patients were not randomly assigned to receive either lopinavir/ritonavir or efavirenz is the major limitation of our study as well. However, this methodological drawback was partly limited because of the broad use of national and international guidelines that suggested both efavirenz and EFV, efavirenz; LPV/r, lopinavir/ritonavir; CDC, Centers for Disease Control; IVDU, intravenous drug user; MsM, men who have sex with men; NRTI, nucleoside reverse transcriptase inhibitor; d4T, stavudine; 3TC, lamivudine; ddI, didanosine; ZDV, zidovudine; TDF, tenofovir; ABC, abacavir; HCV, hepatitis C virus; HBV, hepatitis B virus; HR, hazard ratio; LL, lower limit of 95% CI; UL, upper limit of 95% CI. lopinavir/ritonavir as first-line therapies in the treatment of HIV-1-infected patients. 1, 18, 19 Notwithstanding that, there were some differences between the two groups of patients that may influence the final outcome, and therefore confounding by indication is still of concern. For instance, patients who were prescribed lopinavir/ritonavir were older, had a more advanced disease, with a higher viral load and a lower CD4þ cell count at baseline. Since both baseline HIV-1 RNA and CD4þ cell count were independent predictors for virological failure, these differences may favour a better outcome for efavirenz-treated patients. Furthermore, independent predictors of clinical progression such as baseline low CD4þ cells and prior C events were also significantly more frequent among lopinavir/ritonavir-treated patients, which may penalize the outcome in this group. Despite all these baseline differences, both regimens performed in a similar way both virologically and immunologically. In addition, patients who were prescribed efavirenz received nucleos(t)ide analogues-which are prescribed 'once daily'-more frequently than those who were prescribed lopinavir/ritonavir, therefore allowing the construction of 'once daily' regimens. Such a treatment strategy may have allowed patients to adhere to treatment more easily, therefore compensating (and masking) possible differences in intrinsic potency between these regimens. 20 In our study, similar to the results of ACTG 384, the initial use of a nucleoside backbone with stavudine/didanosine, which was prescribed in around 9% of patients in both groups, led to an increased hazard of virological failure when compared with zidovudine/lamivudine. 3 However, in the ACTG 384, this difference was only observed when combined with efavirenz but not with nelfinavir. 3 We and others have found that patients starting stavudine/didanosine had a poor virological outcome irrespective of whether efavirenz or lopinavir/ritonavir was used in combination with this backbone. 8 In addition, stavudine/lamivudine or tenofovir/other nucleoside analogue backbones were also associated with an excess virological failure. Furthermore, the excess toxicity associated with these backbones supports avoiding their use in any first-line combination. Thus, the inclusion of stavudine in the regimen appeared to exert an unfavourable impact on the virological treatment response in our study. The known association between tenofovir use and the lower probability of achieving virological suppression may be explained by higher rates of virological failure in patients on tenofovir/didanosine/efavirenz 21 or by the toxic effects of this combination on CD4þ cells. 22 Finally, didanosine is the only nucleoside analogue whose consumption is subordinated to diet requirements, thus rendering treatment regimens including this drug more complicated, and this may have decreased adherence, although this variable was not captured in this study.
Except for two studies, 8, 10 all the observational studies and ACTG 5142 found a better CD4þ T cell response with lopinavir/ritonavir. 7, 9, 10, 17 In our study, we did not found a better immunological outcome in the lopinavir/ritonavir-based arm measured as change from baseline in the long run, although lopinavir/ritonavir-treated patients had a better CD4þ cell recovery during the first year of treatment. The better immunological response in protease inhibitor-based regimens compared with NNRTI-based ones has been attributed to the ability of protease inhibitors to inhibit uninfected CD4þ apoptosis, thus rendering more circulating CD4þ cells available in the blood. However, the functional capabilities of these cells have not been ascertained yet. 23 Our data do support a difference between the rate of lopinavir/ritonavir and efavirenz discontinuation because of toxicity, favouring efavirenz. We did not find age differences in the rate of regimen discontinuation due to toxicity. However, females showed an increased risk of discontinuation due to antiretroviral toxicity, a finding that has been described previously. 24 With respect to metabolic toxicities and similar to findings reported from the ACTG 5142 25 and two observational studies, 8 a higher risk of triglyceride increase was observed in patients taking lopinavir/ritonavir, although among our patients, this higher risk vanished over time. However, it should be noted that patients treated with lopinavir/ritonavir had a higher baseline triglyceride level, compared with those treated with efavirenz.
Efavirenz has the advantage of a lower pill burden and the use of lopinavir/ritonavir may be hampered by triglyceride elevation. However, the undoubted advantages of efavirenzbased regimens should be balanced against its lower genetic barrier compared with lopinavir/ritonavir as the ACTG 5142 has exemplified. 7 Observations from clinical trials and cohort studies show very little or an absence of protease inhibitor resistance and limited nucleoside analogue resistance in viral isolates from patients failing a lopinavir/ritonavir-built first-line regimen, whereas failures from efavirenz-based first-line regimens are associated with the selection of viral mutants showing higher rates of cross-resistance. Although this study showed no difference in the outcome of surrogate and clinical markers between the initial treatment strategies, a higher initial rate of drug resistance selection due to the use of drugs with lower genetic barrier could potentially lead to a more rapid exhaustion of drug options over a longer period of time.
In summary, analysis of virological and immunological efficacy of efavirenz versus lopinavir/ritonavir in antiretroviral-naive patients in this large non-randomized study did not show relevant differences between both drugs. However, a higher risk of discontinuing therapy as well as a higher risk of early hypertriglyceridaemia was associated with the use of lopinavir/ritonavirbased regimens. Therefore, effective first-line antiretroviral regimens may be built based on both drugs, and individual treatment choices must rely on other factors such as simplicity, toxicity profile, co-morbidities and patient's preferences and lifestyle.
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